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Abstract  
Background: Hand function is critical for independence in activities of daily living for older 
adults.  
Aims: The purpose of this study was to examine how grip strength, arm curl strength, and 
manual dexterous coordination contributed to timed-based versus self-report assessment of hand 
function in community-dwelling older adults.  
Methods: Adults aged > 60 years without low vision or neurological disorders were recruited. 
Purdue Pegboard Test, Jarmar hand dynamometer, 30-Second Arm Curl Test, Jebsen-Taylor 
Hand Function Test, and the Late-Life Function and Disability Instrument were administered to 
assess manual dexterous coordination, grip strength, arm curl strength, timed-based hand 
function, and self-report of hand function, respectively.  
Results: Eighty-four adults (mean age = 72 years) completed the study. Hierarchical multiple 
regressions show that older adults with better arm curl strength (β = -.25, p < .01) and manual 
dexterous coordination (β = -.52, p < .01) performed better on the timed-based hand function test. 
In comparison, older adults with better grip strength (β = .40, p < .01) arm curl strength (β = .23, 
p < .05) and manual dexterous coordination (β = .23, p < .05) were associated with better self-
report of upper extremity function. 
Conclusions: The relationship between grip strength and hand function may be test-specific. 
Grip strength becomes a significant factor when the test requires grip strength to successfully 
complete the test tasks. Arm curl strength independently contributed to hand function in both 
timed-based and self-report assessments, indicating that strength of extrinsic muscles of the hand 
are essential for hand function. 
Keywords: arm strength, grip strength, hand function, aging, fine motor coordination 
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Introduction 
Age-related decline in neuromuscular function impedes performance of daily tasks [1,2]. 
For example, the decline in muscle strength of the lower extremity and gait speed are associated 
with disability in activities of daily living and mobility limitation for older adults [3,4]. While 
considerable effort has been directed toward understanding and attenuating age-related 
functional decline of the lower extremity [5-9], the relationship between aging and functional 
decline of the upper extremity has received relatively less attention.  
Lower extremity and upper extremity roles differ in relation to performing activities of 
daily living. The major role of the lower extremity is specialized for gross motor actions related 
to mobility, such as kneeling down, sitting down, standing up, walking, running, and climbing. 
In contrast, the primary role of upper extremity is geared toward strategic positioning of hands 
for carrying, lifting, pushing, pulling, handling and manipulating daily objects. Fifteen extrinsic 
muscles and 11 intrinsic muscles are associated with hand function [1]. Extrinsic muscles 
directly contribute to the gross motor motion of the upper extremity and gripping force, while 
intrinsic muscles regulate fine motor coordination of the digits [10]. As with the lower extremity, 
aging affects muscle strength of the upper extremity [11], with the decline rate of strength being 
more pronounced in intrinsic muscles than in extrinsic muscles [12,13].  
In addition to losing muscle strength with age, older adults have poor force control [14]. 
Force control includes scaling and calibrating force while picking up, transporting, and 
unloading objects. Grasp in older adults is characterized by excessive grip force [14] as they 
generate more force to grasp objects compared to young adults [15]. This characteristic of poor 
force control could lead to premature fatigue or difficulty in manipulating objects. Force control 
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may be as important as grip strength to older adults because most daily objects require the 
correct amount of force to maneuver; not maximum force. Moreover, aging has an adverse effect 
on steadiness [16] with older adults having less control of force output. Steadiness is defined as 
the ability to exert a constant submaximal force, and it is more strongly associated with fine 
motor coordination and precision than is grip strength [17]. In summary, the literature suggests 
that hand function in older adults is influenced by three factors: force generation (muscle 
strength); force need (force control); and force consistency (steadiness).  
Both cross-sectional and longitudinal data indicate that hand function declines with age 
[18,19]. Timed-based assessments are often used in these studies to measure how long it takes 
for older adults to complete tasks such as opening and closing various fasteners; or to turn over 
index cards. Specifically, older adults with lower socioeconomic status, advanced age, more joint 
impairments, and lower grip strength tend to have poor hand function [20]. In other words, they 
took longer to complete these tasks. While the contribution of grip strength to hand function is 
statistically significant, it only explains a small portion of the variance compared to 
socioeconomic status [20]. A more recent study has found that grip strength explains more 
variance than age in aiming and tapping dexterity tasks [21]. These findings indicate that hand 
grip strength is associated directly with fast and precise coordinated hand and upper extremity 
movements. Additionally, factors other than physical attributes may affect hand function.  
Similar to the decline in mobility, the decline in hand function relates to dependency in 
activities of daily living in older adults [22,23]. Therefore, hand function has the potential to 
serve as an alternative marker of disability in activities of daily living for older adults, in addition 
to mobility limitation. Further, examining factors related to the decline in hand function in the 
older adult population may yield useful information to reduce age-related disability. 
Aging and UE function  5 
 
Interestingly, self-report hand function has rarely been included in the literature on muscle 
strength and hand function. Self-report hand function measures the degree to which older adults 
perceive use of their hands, which may offer a different dimension of hand function than timed-
based assessments. The purpose of this study was to add to current research knowledge regarding 
muscle strength and hand function in geriatric populations through analysis of self-report of hand 
function in addition to traditionally utilized grip and dexterity assessments. Specifically, this 
study investigated how muscle strength and manual dexterous coordination would contribute to 
timed-based assessment of hand function versus self-report hand function. 
Methods 
A cross-sectional, correlational research design was used for this study. Indiana 
University Institutional Review Board approved the study protocol. Participants were recruited 
from congregate meal services sites of the Area Agencies on Aging or senior affordable housing 
communities located in the Indianapolis metropolitan area between October 2013 and August 
2015. Recruitment methods included face-to-face onsite contact, word of mouth, and flyers.  
Participant eligibility criteria 
 Participants who were English speaking and 60 years of age and above were eligible for 
the study. Participants were excluded if they could not provide consent, had low vision, or had 
major neurological diseases (e.g., Parkinson’s disease and stroke) that could affect hand 
movements. Exclusion criteria were based on self-reported information. 
Study procedure  
 The study was conducted in a common room at the meal services site or housing 
community. A trained research assistant obtained consent information from all participants 
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before data collection. A brief interview was conducted first to gather demographic information 
and the Body Mass Index. Next, a series of tests using the Purdue Pegboard Test, Jebsen-Taylor 
Hand Function Test, Jamar hand dynamometer, Late-Life Function and Disability Instrument, 
and 30-Second Arm Curl Test were conducted to measure participants’ hand dexterity and 
coordination, timed-based hand function performance, grip strength, self-report hand function, 
and arm curl strength, respectively. Data collection lasted about 25 to 30 minutes for each 
participant. Upon completion, each participant received a $5 gift card as compensation for the 
time in the study. 
Assessments 
Independent variables. 
Grip strength. A Jamar® hydraulic hand dynamometer (Lafayette Instrument Company) 
was used to measure grip strength of the dominant hand. The dynamometer was calibrated using 
Fess’ method [24]. The participant was tested in the seated position with elbow flexed at 90 
degrees. The handle position was adjusted to fit the participant’s hand. The participant was asked 
to squeeze the dynamometer at maximal effort for three trials, with a 30-second break between 
each trial. The average of three trials was calculated for data analysis. 
30-Second Arm Curl Test. The 30-Second Arm Curl Test, part of the Senior Fitness Test 
[25], was used to measure muscle strength of the upper extremity. Criterion validity using 
integrated upper extremity muscles has been established [26]. A 5-pound dumbbell was used for 
women and an 8-pound dumbbell for men. The participant was tested in the seated positon. 
Following a brief demonstration and practice, the participant was asked to hold the dumbbell in 
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the dominant hand and perform arm curl movements as quickly as he/she could in 30 seconds. 
The number of completed movements was recorded. 
Purdue Pegboard Test. The single hand test was selected from the Purdue Pegboard Test 
to measure hand dexterity and coordination [27]. Psychometric properties of this test have been 
established in adults and older adults [28,27]. The test was administered on a rectangular board. 
Twenty-five holes aligned vertically on each side. Small metal pegs were placed in a concave 
cup at the top of the board on the side of the hand being tested, which was the participant’s 
dominant hand. The participant was asked to pick up pegs one at time from the concave cup and 
place the pegs in the holes aligning on the same side of the cup. A 15-second practice trial was 
provided prior to formal testing. The number of pegs placed in 30 seconds was recorded for three 
30-second trials. The average of three trials was calculated for data analysis. 
Dependent variables. 
Jebsen-Taylor Hand Function Test. The Jebsen-Taylor Hand Function Test is a 
standardized, performance-based measure assessing daily function of the upper extremities [29]. 
The participant performed the following seven subtests in the seated position: 1) writing, 2) card 
turning, 3) moving small common objects, 4) simulated feeding, 5) stacking checkers, 6) moving 
light objects, and 7) moving heavy objects. In the writing subtest, the participant was asked to 
write down a sentence which was presented to him/her. In the subtest of card turning, the 
participant was asked to turn over five 3x5” index cards. In the subtest of moving small common 
objects, the participant was asked to pick up two pennies, two bottle caps, and two paper clips 
one at a time and place them in a can. In the subtest of simulated feeding, the participant was 
asked to use a spoon to pick up five kidney beans one at a time and place the bean in a can. In the 
Aging and UE function  8 
 
subtest of stacking checkers, the participant was asked to stack four checkers, one on top of the 
other. In the subtest of moving light objects, the participant was asked to move five empty cans 
one at a time upon to a ¾-inch board. In the subtest of moving heavy objects, the participant was 
asked to move five full cans one at a time upon to the same ¾-inch board. Each participant was 
instructed to perform each subtest as quickly as he or she could using the dominant hand. Time 
to complete each subtest was recorded. The psychometric properties of the Jebsen-Taylor Hand 
Function Test have been established in the adult and older adult populations [19,29].  
Late-Life Function and Disability Instrument. Seven items measuring self-report of 
upper extremity function were selected from the Late-Life Function and Disability Instrument 
[30,31]. These seven items assess how much difficulty that the participant had while: 1) 
unscrewing the lid off a previously unopened jar without using any devices; 2) putting on and 
taking off long pants, including managing fasteners; 3) using common utensils for preparing 
meals, such as can opener, potato peeler, or sharp knife; 4) holding a glass full of water in one 
hand; 5) reaching behind his/her back as if to put a belt through a belt loop; 6) ripping open a 
package of snack food, such as cellophane wrapping on crackers, using only his/her hands; and 
7) pouring from a large pitcher. The participant answered each question with five response 
choices: “none,” “a little,” “some,”  “quite a lot,” or “cannot do.” The total raw scores were 
transformed to 0 to 100 scaled scores, with a higher score indicating better hand function. 
Results 
Eighty-four participants completed the study. IBM SPSS Statistics 23 was used to 
analyze the data. Table 1 shows the descriptive information on demographics and measurement 
results. Thirty-seven participants were between 61 and 69 years old; 31 were between 70 and 79 
years old; and 16 were 80 years old or above. Seventy-six participants (91%) reported that they 
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were right handed, and the rest were left handed. Among the 52 participants with arthritis, 25 
indicated that arthritis affected their hand movements. Participants with arthritis who reported 
that their hand movements were not affected by the condition were similar to those who were 
affected in age, the Purdue Pegboard single hand test, the 30-Second Arm Curl Test, and the 
Jebsen-Taylor Hand Function Test. The only exception was the self-report of upper extremity 
function from the Late-Life Function and Disability Instrument, (M not affected = 74.66, M affected = 
64.54), t(50) = - 2.96, p < .01. 
Table 2 shows the correlation matrix among continuous variables. A better performance 
on the Jebsen-Taylor Hand Function Test (i.e. less in total time) was associated with higher 
educational attainment, r= -.35, p < .01, stronger grip strength, r= -.25, p < .05, more arm curls 
completed in 30 seconds, r= -.37, p < .01, and more pegs completed in the Purdue Pegboard 
single hand test, r= -.60, p < .01. Similarly, a better self-report of upper extremity function of the 
Late-Life Function and Disability Instrument was associated with stronger grip strength, r= .58, p 
< .01, more arm curls completed in 30 seconds, r= .40, p < .01, and more pegs completed in the 
Purdue Pegboard single hand, r= .24, p < .05. 
Two sets of hierarchical multiple regression models were conducted to predict 
performance on the: 1) Jebsen-Tylor Hand Function Test, and 2) self-report upper extremity 
function of the Late-Life Function and Disability Instrument. Predictors were entered into the 
model as blocks in the following order: 1) the first block included variables of the demographic 
information of age, years of education, race (White versus non-White), and gender (male versus 
female); 2) the second block included the information on impaired hand movements (affected or 
not affected by arthritis); 3) the third block included the variable of grip strength; 4) the fourth 
block included the variable of  30-Second Arm Curl Test; and 5) the fifth block included the 
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variable of the Purdue Pegboard single hand test. Blocks 3 and 4 were entered first to account for 
the variance from muscle strength (grip strength and arm curl strength) before entering the final 
block of hand dexterity and coordination. Table 3 shows results of the hierarchical multiple 
regressions including R-squared values and standardized coefficients. Scatterplots of the 
standardized residuals and predicted values support that the assumptions of linearity and 
homogeneity of variance were met. Collinearity diagnoses showed the predictor variables were 
moderately independent among each other for all different performance indices.  
The final saturated model of predicting performance of the Jebsen-Taylor Hand Function 
Test was significant, F(8,69) = 9.67, p < .01. Higher educational attainment, t = -2.01, p < .05, or 
having hand movements affected by arthritis, t = -2.19, p < .05, was associated with less time on 
the Jebsen-Taylor Hand Function Test. After controlling for the variance of demographic 
information and whether hand movements were affected by arthritis, participants with better 
performance on the 30-Second Arm Curl Test, R2 change = .10, and Purdue Pegboard single 
hand test, R2 change = .23, were associated with better Jebsen-Tylor Hand Function results.  
The final saturated model of predicting performance of the self-report upper extremity 
function of the Late-Life Function and Disability Instrument was significant, F(8,69) = 7.79, p < 
.01. Having hand movements affected by arthritis, t = -2.21, p < .05, was associated with poor 
self-report upper extremity function of the Late-Life Function and Disability Instrument. After 
controlling for the variance of demographic information and whether hand movements were 
affected by arthritis, participants with better grip strength, R2 change = .16, 30-Second Arm Curl, 
R2 change = .06, and Purdue Pegboard single hand test, R2 change = .04, were associated with 
better self-report of upper extremity function. 
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Discussion 
 The current study examined predictors of timed-based and self-report hand function 
assessments measured by the Jebsen-Taylor Hand Function Test and Late-Life Function and 
Disability Instrument respectively. Grip strength, arm curl strength, and manual dexterous 
coordination were examined as predictors in addition to demographics and hand movement 
impairments. Key findings include that grip strength was related to self-report hand function but 
not timed-based. Moreover, arm curl strength and manual dexterous coordination were related to 
both types of hand function assessments. 
 Prior research has shown that socioeconomic status contributes to differences in hand 
function in older adults more than physical attributes [20]. Despite socioeconomic homogeneity 
of our current study participants, we found that educational attainment was related to timed-
based hand function performance. Participants with fewer years of education were slower to 
complete the Jebsen-Taylor Hand Function Test than those with more years of education. Among 
the seven subtests of Jebsen-Taylor Hand Function Test, the writing task seems to be the most 
relevant factor to educational attainment. A post-hoc analysis of correlation supports this 
concept. A Spearman's rho correlation between the educational attainment and the writing 
subtest was -.46 (p < .01), while the relationships between the educational attainment and other 
subtests were not significant (all ps > .05). 
Grip strength, arm curl strength, and manual dexterous coordination predict self-report 
hand function as measured by the Late-Life Function and Disability Instrument. Among the three 
predictors, grip strength accounted for the most variance of the outcome. Grip strength has been 
used as an indicator for global functional deterioration in older adults [32-34]. Weak grip 
strength signifies risk of late-life disability for activities of daily living. Surprisingly, grip 
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strength did not predict the timed-based hand function assessment as measured by the Jebsen-
Taylor Hand Function Test. These findings may suggest that the significance of grip strength 
may be test-specific. Four out of seven questions in the Late-Life Function and Disability 
Instrument (open a new jar, hold a glass full of water, rip open a snack package, pouring from a 
large pitcher) involve functional use of maximum grip strength. In contrast, only one out of 
seven subtests in the Jebsen-Taylor Hand Function Test (moving heavy objects which are five 
15-ounce cans) measures the functional use of maximum grip strength.  
Conversely, the significance of grip strength may depend on whether a hand function 
measure is timed-based or not. Our finding shows that grip strength accounted for only a small 
portion of variance predicting timed-based hand function performance. The small variance may 
indicate that most daily life tasks do not require maximum grip strength. In picking up coins, 
turning cards, using a spoon or other subtests required by the Jebsen-Taylor Hand Function Test, 
force control and steadiness (to maintain submaximal force) may be more critical than maximal 
force. An alternative interpretation is that other predictors share more similar testing 
characteristics with the timed-based hand function test than does the grip strength test. 
Assessments used to evaluate arm curl strength (30-Second Arm Curl Test) and manual 
dexterous coordination (Purdue Pegboard single hand test) in this study are both timed tests. For 
example, more arm curls completed within a 30-second period indicates better arm curl strength. 
Consequently, timed-based measurements may detect the common factor of age-related slowing 
in motor response [35].  
Many motor performance assessments record time or speed to indicate the degree of 
outcome—usually faster is better. The premise of these assessments is that impairments which 
may interfere with motor performance (e.g., limited range of motion, pain, and deformities) will 
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result in slowness to complete the assessment. While this premise is correct in most cases, our 
study found an opposite result. Participants whose movements were affected by arthritis reported 
worse hand function than those who did not; but they were faster in completing the Jebsen-
Taylor Hand Function Test than those whose movements are not affected by arthritis. Older 
adults who experience impaired movements related to arthritis may sacrifice quality in favor of 
speed since test instructions required them to complete each task as quickly as they could. Some 
subtests did not emphasize quality of the results. For example, the card turning subtest 
instruction was “turn cards over in any way you wish and the cards do not need to be in a neat 
pattern when finished.” This may be a caveat to using timed-based performance test if the quality 
aspect of performance is not taken into consideration. In real life, these older adults may also 
adopt the strategy of “getting it done as quickly as possible,” resulting in poor task outcome such 
as spilling water from a pouring task or tearing paper while turning a page of a book for reading.    
Older adults tend to have poor force control or steadiness [14,15,17]. Compared to young 
adults, older adults readjust their hand position on the grasped object more often and demonstrate 
greater variations in their prehension patterns, such as tripod pinch or lateral pinch, when 
retrieving coins from a purse of pouring milk from a container [36]. After controlling the factor 
of affected movements due to arthritis, participants with stronger arm curl strength and better 
manual dexterous coordination used less time to complete the subtests of Jebsen-Taylor Hand 
Function Test than those with weaker arm curl strength and poor manual dexterous coordination. 
A main function of arm is to provide stability and mobility to position the hand for dexterous 
tasks. In addition to being slower, older adults with weaker arm curl strength and poor manual 
dexterous coordination may be clumsier, which may lead to the need for subtle reposition or 
adjustments, resulting in longer task time.  
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 One limitation of this study is that sensory changes in older adults were not assessed. 
Sensation deteriorates with age, for example, the distance of two-point discrimination on the 
index finger tip becomes wider with increasing age [16]. Although sensory input seems essential 
for small object manipulation, research has found that impairments in tactile sensibility do not 
adversely affect manual tasks in older adults  [37]. Healthy older adults typically do not have 
severe tactile deficits to the degree to impair manual dexterity. However, disease-related sensory 
loss such as neuropathy in older adults may affect hand function more drastically.    
Conclusions 
 In comparison to prior research on aging and hand function, our study identified new 
information. First, the relationship between grip strength and hand function is test-specific. Grip 
strength becomes a significant factor when test require grip strength to successfully complete the 
test tasks. Second, in addition to grip strength, arm curl strength independently contributes to 
hand function in both timed-based and self-report assessments. Hand function relies on 
coordinated extrinsic and intrinsic muscles to provide mobility, stability, and dexterity. This 
finding highlights the important influence of extrinsic muscles, as measured by arm curl strength, 
on hand function. Lastly, a timed-based assessment measures only one dimension of motor 
performance, which is speed. Older adults may compensate impaired movements with speed 
instead of slowing down. Results from timed-based assessments need to be interpreted with 
caution.  
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Table 1.  
Descriptive Information on the Demographics and Measurements of Upper Extremity and Hand Function. 
Measure Mean or n SD or % 
Age (year) 72.01 (mean) 6.90 (SD) 
Gender   
Female 69 (n) 82 (%) 
Race   
Caucasian 34 (n) 41 (%) 
African American 46 (n) 55 (%) 
Asian or two or more 4 (n) 5 (%) 
Arthritis 52 (n) 62 (%) 
Years of education 13.09 (mean) 2.53 (SD) 
Body Mass Index 30.35 (mean) 6.62 (SD) 
Grip strength (pound) 20.80 (mean) 9.22 (SD) 
30-Second Arm Curl (count)a 13.48 (mean) 3.69 (SD) 
Purdue Pegboard Test: single hand (second) 14 (mean) 10.22 (SD) 
Late-Life Function and Disability Instrument: upper extremity function (score) 71.26 (mean) 14.61 (SD) 
Jebsen-Taylor Hand Function Test (second)   
Total 66.61 (mean) 14.22 (SD) 
Writing 20.48 (mean) 8.63 (SD) 
Card turning 7.17 (mean) 2.12 (SD) 
Moving small common objects 10.45 (mean) 2.65 (SD) 
Simulated feeding 10.62 (mean) 2.32 (SD) 
Stacking checkers 6.65 (mean) 1.51 (SD) 
Moving light objects 5.61 (mean) 1.24 (SD) 
Moving heavy objects 5.64 (mean) 1.34 (SD) 
a. n = 81. 
Table 2.  
Intercorrelations for Two Measures of Hand Functions with Age, Years of Education, Body Mass Index, Purdue Pegboard Single 
Hand, Grip Strength, and 30-Second Arm Curl Test.  
Measure 1 2 3 4 5 6 7 
1. Jebsen-Taylor Hand Function Test --       
2. Self-report upper extremity function from the LLFDI -.33** --      
3. Age .04 -.17 --     
4. Years of education -.35** .11 -.02 --    
5. Body mass index .04 .03 -.18 -.01 --   
6. Grip strength  -.25* .58** -.22* .03 .05 --  
7. 30-Second Arm Curl -.37** .40** -.08 .16 -.05 .22* -- 
8. Purdue Pegboard (single hand) -.60** .24* .09 .21 -.11 .05 .16 
Note. LLFDI- Late-Life Function and Disability Instrument. *p < .05. **p < .01. 
Table 3.  
Hierarchical Regression Analysis Predicting Time-Based Hand Function Test and Self-Reported Upper Extremity Function. 
 Jebsen-Taylor  Hand Function Test 
Self-reported upper extremity 
function from LLFDI  
Step and Predicting variable R2 ΔR2 βb R2 ΔR2 βb 
Step 1 .13* .13*  .17** .17*  
Age   .08   -.05 
Years of education   -.19*   -.04 
Race   -.01   -.003 
Gender   -.12   .11 
Step 2 .15* .02  .21** .05*  
Hand movements affected by arthritis   -.19*   -.20* 
Step 3 .21* .06*  .37** .16**  
Grip strength   -.11   .40** 
Step 4 .30** .10**  .43** .06**  
30-Second Arm Curl   -.25**   .23* 
Step 5 .53** .23**  .48** .04*  
Purdue Pegboard single hand   -.52**   .23* 
Note. LLFDI- Late-Life Function and Disability Instrument. b Estimations were from the final saturated regression model. *p < .05. 
**p < .01. 
 
